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(54) Frequency error estimaton method used In a portable radio system 



(57) A portable radio system , a portable radio equip- 
ment to be used in the same and a frequency error pre- 
diction method can be adapted to large frequency error 
by making tap number smaller and frequency error 
smaller The portable radio system employs an automat- 
ic frequency control for detecting a frequency shift of an 
internal oscillator of a portable radio equipment with ref- 



erence to a received wave transmitted from a base sta- 
tion having higher precision of frequency and adjusting 
the frequency of the internal oscillator by feeding back 
the frequency shift to the internal oscillator. Coordinate 
rotation digital computation (CORDiC) is employed for 
calculation of arctangent in the automatic frequency 
control. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates generally to a portable radio system, a portable radio equipnnent to be used in 
the same, and a frequency error prediction method to be used therefor. More particularly, the invention relates to a 
frequency error prediction method in an automatic frequency control (AFC) of a.portable radio equipment. 

10 

Description of the Related Art 

[0002] In a portable radio equipment (mobile station) as a portable telephone or cellular phone of a system employing 
QPSK (Quadrature Phase Shift Keying) or WCDMA (Wideband Code Division Multiple Access), as a internal oscillator 
15 (mobile station oscillator) of the equijsment, oscillators which are inexpensive and lower precision are frequently used 
for lowering cost. 

[0003] Therefore, in the mobile station, a frequency shift of the Internal oscillator is detected with reference to a 
reception wave transmitted from a base station having high frequency precision for feeding back to a internal oscillator 
to perform automatic frequency control (AFG) adapting to a frequency of the internal oscillator. 
20 [0004] On the other hand, in order to reduce power consumption and circuit scale, method, such as CORDtC (Co- 
ordinate Rotation Digital Compufatioh), is suitable. 

[0005] In Japanese Unexamined Patent Publication No. Heisei 8^307157, there Is disclosed a method for repeated 
estimation of a phase value and radius value on the basis of an initial in-phase signal and an initial Quadrature signal 
by using a CORDIC algorithm in a circuit detemnining the radius value and the phase value from the in-phase signal I 

25 (n) and the Quadrature signal Q(n). ■ ^ ^ 

[0006] In the foregoing portable radio equipment (mobile station), an oscillator which is inexpensive and low precision, 
is frequently used as internal oscillator m the equipment for lowering cost. Therefore, automatic frequency control is 
required/At this time, frequency shift is derived in the follov^ing manner. - - •> . 

[0007] A phase derived'by multiplying one of two symbols taken at a generation timing of the internal oscillator by 

30 receiving a known data', such as modulated^ pilot signal or the like- in a base station, by a complex conjugate of the 
other symbol, represents a phase difference of two symbols. In case of the signal, in which two symbols of the known 
signal are the same phase when the frequency of the internal oscillator is correct, the: derived phase shift is divided by 
an interval of two signals to derive the frequency shift of the internal oscillator -,. 
[0008] In the conventional frequency error predicting method, when CORDIC as known method is used in calculation 

35 of tan-"* (Arc Tangent) of derived phase shift, only ± nI2 can be detected. 

[0009] In the radio mobile equipment, it is Important to reduce a power consumption and size. When a phase calcu- 
lator such as CORDIC or the like is employed in the radio mobile equipment, tap number of CORDIC is.reduced, and 
error may be caused in derivation of the phase shift. : ■ 

[001 0] Upon calculating the frequency shift from the derived phase shift, the phase difference of two symbols used 

40 for detection of the phase shift is divided by the interval. Therefore, if the interval of the symbols becomes iorig, the 
frequency detection error becomes smaller even when the phase detection error is constant. 

[001 1 ] However, if the interval is initially set long, when the frequency en-or is sufficiently large and the absolute value 
of the phase shift becomes greater than n, correct frequency error cannot be detected. 

45 SUMMARY OF THE INVENTION . r. . . ■ ' 

[0012] The present invention has beeh^ worked out for solving the problem. It is therefore an object of the present 
invention to provide a portable radio system, a portable radio equipment to be used in the same and a frequency error 
prediction method which can be adapted to large frequency error by making tap number smaller and frequency error 
50 smaller. 

[001 3] According to the first aspect of the present invention, portable radio system employing an automatic frequency 
control for detecting a frequency shift of an internal oscillator of a portable radio equipment with reference to a received 
wave transmitted from a base station having higher precision of frequency and adjusting the frequency of the internal 
oscillator by feeding back the frequency shift to the internal oscillator, 
55 wherein coordinate rotation digital computation (CORDIC) is employed for calculation of arctangent in the auto- 

matic frequency control. . i . • . . " V 

[0014] According to the second aspect of the invention, a portable radio system employing an automatic frequency 
control for detecting a frequency shift of an internal oscillator of a portable radio equipment with reference to a. received 
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wave transmitted from a base station having higher precision of frequency and adjusting the frequency of the. internal 
oscillator by feeding back the frequency shift to the Internal oscillator, wherein and portable radio equipment comprises: 

calculating means for calculating a phase difference of two symbols taken from a known data modulated by the 
5 base station on the basis of a timing generated by the internal oscillator; 

frequency shift calculating means for calculating a frequency shift of the internal oscillator by dividing the phase 

difference derived by the calculating means by an interval of the two symbols; and ^ . 

control means for controlling for widening the interval when the phase difference derived; by the calculating means. 

is smaller than a predetenmined set value and for narrowing the interval when the phase difference is greaterthan 
10 the set value. 

[0015] According to the third aspect of the invention, a portable radio system employing an automatic frequency 
control for'detecting a frequency shift of an internal oscillator of a portable radio equiprnent with reference to a received 
wave transmitted frorh a base station having higher precision of frequency and adjusting:the.frequency of the internal . 
15 oscillator by feeding back the frequency shift to the intemal oscillator, wherein said-portabJe^radiqe^^^^ comprises: 

calculating means for calculating a-phase difference of two symlppis tak«n;frpnri.-a known data modulated by the 
basestationonthe basisof a timing generated by the internal oscill^torL .., ^.^ on ci: : . - - 
frequency shift calculating means for calculating a frequency shift of the. interna I oscillajpr by dividing the phase 
20 difference derived by the calculating means by an . interval of the.tWQ syi^ibols; a^^ 

control means for controlling for widening the interval when a va^ue ,pfjhe frequency.shjft.d^riyed by the frequency 
shift calculating means is smaller th^n -a pfedetenriined valui^ g^nd fArnarrowingtheJriterval w^^^ the value of the 
. frequency shift is greater than the predetermined value. . . :: .= j.;. , ,,r : ft ■ . 

25 [0016] The portable radio system as set forth above, is preferably constructed that the two syfri.bols are the same 
phase when a frequency of the internal osciMator Is correct, .aad r - ?^^r=^a^ i':n:.r...zc . : ■ . 

the calculating means derivesna phase difference of the ^o.synr>bols by multiplying;pne of the two symbols by a 
complex conjugate of another symbol. In practice, upon calculation .«)f arctangent ipf coordinate rotation digital compu- 
tation, the frequency shift oakiulating means may perfonri calculatton within arrange of upon performing 

30 calculation of the frequehcy shift- parameters CO BDICi and GO^RDICq.are derived by using a calculation of the coor- 
dinate rotation digital computation by replacing: the signal. to becalculatedrthe ph^se.vyith-l and Q cornponents, and in 
calculation of the coordinate rotation digital computation, when a parameterlpr putputting afinal angle by addirig angles 
per taps is set as phase, in fomier stage of the coordinate rotatiorv digital computation, a process expressed by: 

35 when CORDICi < 0.0 and CORDICq > 0.0- = . . : v f;: ^ ■ ^ - . : 

■ CORDiCi = CORDfCq . .ih ij ^rp ^ o jr: • j v/V ' 

GORDICq^CC)RDICi*r1.0 ;. ^ « -<v.-q; - v .r^ C - : 

phase = 7i/2 k; "v ^ — ; ci. :^; ■■■■ i ■ s • 

40 ■' ' when CORDICi^<t).0 and GORDICq.< 0.0, vr-^.?^ . : ,r u:.: v b ^ . • r"; . • ^ - . ! 

CORDICi = CORDICq.*.-1.0- ^ -^i.:-: 4:;:^- ^ • v - . : r^.- - vr^-;: r .i:- , ■ ,r 

' ' CORDICq::= CDORDICi . - r^ v:; -^ . ^ ■ ^ ?j^'v M=?. • ? r^- .i . - ■ ■ ; ^'^'t 

phase = -(7c/2) , -^^ s'- ■'■\. - . , ■ j-. - . , . 

45 is perfonned. In the alternative, the upon perfomriing calculation of the frequency shifty - parameters CORDICi and 
CORDICq are derived by using a calculation of the coordinate rotation digital computation by replacing the signal to 
be calculated the phase with l and Q components, and. in calculation ;pf the q^prdinate. rot^tion, digital computation, 
when a parartieterfor outputting a final angle by adding angles pec-.taps is se1^;as phase,, in former stage.pf the coordinate 
rotation digital computation, a process expressed by: ... - : . r 

so 

when CORDICi < OiO.and CORDICq.> 0.0 ' ..v"-.- 

' CORDICi = CORDICi * <1 c 

CORDICq = CORDICq * -1 ..r • . . :m v , : , , . : - ^ v 

phase = 7c ^ > -^r- s;.: ^ ? ^ i .lor \ . ■* .-c . = - \ ' 

55 *. . . . 'y'T■'\..^,^~ \ • : r vi^i- v"'" • ^ :. .'yr t -.u!?:-:. *^ ^■ 'm. • . 

when CORDICi < 0.0 and CORDICq < 0.0, , v.-, ■ • .; . .r - 

'-CORDiei=='eORDICi *»^'^^* r.- >; ' :;;t}n: n ■^w-'-^v"':" o^Uia 1: :yrMi ..nc -r ■•^ .•■ ( - r:-:. 

- CORDICq V^CORDICq i : .'^ -^r ' "^^r. •\-:^jn r., » v:v ;■- - • . ^ 
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phase = -7c * " ' • 

Is perfbrmed. ■ " > 

[0017] More preferably, the control means may set the interval at a predetermined minimum value when out of syn^ 
chronization is detected at least from failure of decoding or non-detection of pilot and not reaching of power to a 
predetermined level. 

[0018] According to the fourth aspect of the present invention, a portable radio system employing an automatic 
frequency control for detecting a frequency shift of an internal oscillator of own portable radio equipment with reference 
to a received wave transmitted from a base station having higher precision of frequency and adjusting the frequency 
of the internal oscillator by feeding back the frequency shift to the internal oscillator, wherein coordinate rotation digital 
computation (CORDIC) is employed for calculation of arctangent in the automatic frequency control. 
[0019] According to the fifth aspect of the present Invention, a portable radio equipment employing an automatic 
frequency control for detecting a frequency shift of an internal oscillator of own portable radio equipment with reference 
to a received wave transmitted from a base station having higher precision of frequency and adjusting the frequency 
of the internal oscillator by feeding back the frequency shift to the internal oscillator, comprising 

calculating means for calculating a phase difference of two symbols taken from a known data modulated by the 

base station on the basis of a timing generated by the internal oscillator; . . \ 

frequency shift calculating means for calculating a frequency shift of the intemal oscillator by dividing the phase 
difference derived by the calculating means by an interval of the two symbols; and 

control means for controlling for widening the interval when the phase difference derived by the calculating means 
is smaller than a predetermihiadset value and for narrowing the interval when the phase difference is greaterthan 
' the setvaliie; ' • -i •. . 

[0020] According to the sixth aspect of the ihvention, a portable radio equipment employing an automatic frequency 
control for detecting a frequency shift of an internal oscillator of own portable radio equipment with reference to a 
recetvefd Wave transmitted from a basfe station having higher precision of frequency and adjusting the frequency of the 
intemal oscillator by feeding back the frequency shift to the intemal oscillator, comprising: 

calculating means for calculating a pha:se diffisrence of two symbols taken from a known data modulated, by the 
base station on the basis of a timing generated by the internal oscillator; 

frequency shift calculating means- for ealciilatlhg a frequency shift of the intemal oscillator by dividing the phase 
difference derived by the calculating means by an interval of the two symbols; and 

control means for controlling for widening the interval when a value of the frequency shift derived by the frequency 
shift calculating means is smaller than a predetemriined value and for narrowing the interval when the value of the 
frequency shift is greater than the predetemiined value; = - 

[0021] The portable radio system as set forth above, is preferably constructed that the two symbols are the same 
phase when a frequency of the internal oscillator is correct, and 

' the calculating means derives a'phase difference "of the two symbols by multiplying one of the two symbols by a 
comple)^ conjugate of another symbol. In practice, upon calculation of arctangent of coordinate rotation digital compu- 
tation, the frequency shift calculating mieans rtiay perform calculation within a range of ± tc. Also, upon performing 
calculation tif the frequency shift, parameters CORDICi and CORDICq are derived by using a calculation of the coor- 
dinate rotation digital computation by replacing the signal to be calculated the phase with I and Q components, and in 
calculation of the coordinate rotation digital computation. when a parameter for outputting a final angle by adding angles 
per taps is set as phase, in fomner stage of the coordinate rotation digital computation; a process expressed by: 

when CORDICi < 0.0 and CORDICq > 0.0 . . ^ 

CORDICi = CORDICq ' . . 

CORDICq = CORDICi* -1.0 • , . ; • . 

phase = Tz/2 

when CORDICi < 0.0 and CORDICq <0;0; ' -v. 

CORDICi = CORDICq * -1.0' ' • - ' • . -^^ . =. . 

CORDICq = CORDICi ^ . / . 

phas€^*= -(7c/2)'- ■■ ^' " ' ^-i'--.r. r '.7 , . - 
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[0022] In the alternative, the upon perfomriing calculation of the frequency shift, parameters CORDICi and COBDICq 
are derived by using a calculation of the coordinate rotation digital computation by replacing the signal to be calculated 
the phase with I and Q components, and in calculation of the coordinate rotation digital computation, when a parameter 
for outputting a final angle by adding angles per taps is set as phase, In former stage otthe coordinate rotation digital 
5 computation, a process expressed by: 

when CORDICi < 0.0 and CORDICq > 0.0 * . • - 

CORDICi = CORDICi * -1 . 
CORDICq = CORDICq * -1 . • . • 
10 phase =-7c 

when CORDICi < 0.0 and CORDICq < 0.0, . t-^ . • . . ■•-) . . . :; , \ 

CORDICi = CORDICi*-! • r - • ^ / ' .-. * 

CORDICq = CORDICq » -1 • . - - . .. 

15 phase = -7C • ■ ' r • •' . ■< ^ . ^, ■ • : 

is perfbnried. ' » ■ • o ^ 

[0023] More preferably, the control means may set the interval at.a predeterpmed minimurn value when out of syn- 
chronization is detected at least from failure of decoding or non-detection of pilot and not reaching of power to a 

20 predetermined value. . . ■>'::.'■ h ' . . 

[0024] According the seventh aspect of the present invention, a frequ,eney,.error: predicting method employing an 
automatic frequency control for detecting a freiquency shift of an internahoscillator of portable radio equipment with 
reference to a received wave transmitted from a base station having higher precision of frequency and adjusting the 
frequency of the internal oscillator by feeding back the frequency shift to the internal oscillator, 

25 wherein coordinate rotation digital computation (CORDIC) is ennploy^d for calculation of, arctangent in the auto- 

matic frequency control. . . ..Z.'-. \ i .x r . ^ r:^-. i ^ . : . . /* > 

[0025] 'According to the eighth aspect of the invention portable radio systern ernplpying an automatic frequency 
control for detecting a frequency shift of an internal oscillator of portable jadjo equipment with reference to a received 
wave transmitted from a base station having higher precision of frequency and aidjusting the frequency of the Internal 

30 oscillator by 'feeding back the frequency shift to.the internal oscillator, cotnprlsQS of steps of: 

calculating a phase difference of two symbols taken from a known data modulated by the base station on the basis 
of a timing generated by the internal oscillator; . :» : ; ^ • ' 

■ calculating a frequency shift of the internal oscillator by dividing^the phase difference derived by the calculating 
35 Step by an interval'of the two symbols; and - /~ 

controlling for widening the interval when the phase difference derived by the phase difference calculatirig step is 
smaller than a predetermined set value and for narrowing the interval when the phase difference is greater than 
Ihe^ set value:-. •■ - ' • .t- •> ^•;='. •: . , r:*^ 

40 [0026] ^ According to the ninth .aspect of:the present invention, a frequency.error.predicting-methaci employing an 
automatic frequency control for detecting a frequency shift-ot aa internal. oscillator of-portable radio.equipment with, 
reference to a received wave transmitted from a base station..Mving higher precision,of .fr;equency and adjusting the 
frequency of the internal oscillator by feeding backthe frequency shift to the internal oscillator, comprises the steps of: 

45 calculating a phase difference of two-symbols taken from a Known data modulated by the base station on the basis 

of a timing generated by the. internal oscillator; . • r . * • . • 

calculating a frequency shift of the internal oscillator by dividing the phase difference derived by the calculating 
step by an interval of the two symbols; and , . , . 

controlling for widening the interval when a value of the frequency shift derived by the frequency shift cak5ulating 
50 step is smaller than a predetemiined value and for narrowing the interval when the value of the frequency shift Is 

greater than the predetermined value. 

[0027] Preferably, two symbols are the same phase when a frequency of the internal oscillator is correct, and 

the phase difference calculating step derives a phase difference of the two symbols by multiplying one of the two 
55 symbols by a complex conjugate of another symbol. . 

[0028] In the preferred process, upon calculation of arctangent of coordinate rotation digital computation, the fre- 
quency shift calculating step performs calculation within a range of ± tc. 

[0029] Upon perfonming calculation of the frequency shift, in the frequency shift calculating step, parameters COJ^DI- 
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Ci and CORDiCq are derived by using a calculation of the coordinate rotation digital connputation by replacing the 
signal to be calculated the phase with I and Q components, and in calculation of the coordinate, rotation digital com- 
putation, when a parameter foroutputting a final angle by adding angles per taps is set as phase, in fonner stage of 
the coordinate rotation digital computation, a process expressed by: . - . 
5 . - . 

when CORDICi < 0.0 and CORDICq > 0.0 

CORDICi= CORDICq 

CORDICq = CORDICI * -1 .0 

phase = n/2 
10 ' • ■ •■ ; 

when CORDICi < 0.0 and CORDICq < 0.0, - . 

CORDICi = CORDICq * -1 .0 

CORDICq = CORDICi - 
phase = -(n/2) 

is performed. 

[0030] In the altemativepupon perfbrrnlng ealculation-of the frequency shift, in the frequency shift calculating step, 
parameters CORDICi and CORDICq are derived using a calculation of the coordinate rotation digital computation by 
replacing the signal to be calculated the phase with I and Q components, and in calculation of the coordinate rotation 
20 digital computation, when a parameter for'outputting a final angle by adding angles per taps js set as phase, in former 
stage of the coordinate rotation digital computation,, a process expressed by: . 

wheh CORDICi < 0.0 and CORDiCq > OjO^ -^- - - ' ' : • . • . 

CORDICi = CORDICi *-1 
25 CORDICq = CORDICq * -1 

phase = 7c . ■ : ' . • ■ 

when CORDIGi < 0.0 and CORDICq. < 0.0; • • * . r. - , 

CORDICi = CORDICi * -1 ^ - ;.-..'r.-y ... ^ 

30 ^ CORDICq = CORDICq * -1 v. : . ' • r . > . . , . , . 

phase = . - - . ?: ^ * ^ ■ > . . , . - 

is performed. . . • - t . ;- ; 

[0031] The interval controlling step may set the interval at a predetennined minimum value when out of synchroni- 

35 zation is detected at least from failure of decoding or non-deteetion of pilot and not reaching of power to a predetermined 

level.- '■ ' • - r * .. ... ' '-'^ 

[0032] Namely, in the portable radib system, the portable radio equipment and the frequency error prediction method 
according to the present invention, since the internal oscillator typically used-in the mobile station-has relative low 
accuracy in frequency for lowering cost; the frequency shift. of the internal oscillator in the mobile station Is detected 

40 with" reference to the received wave from the base station having high accuracy of frequency for feeding back to the 
intemal oscillator for adjusting this frequency of the internal oscillator by automatic frequency control (AF.C) 
[0033] Derivation of the frequency shift in the automatic freiquency control is performed by deriving the frequency 
shift of the internal oscillator by receiving the known data such as pilot signal or the like modulated in the base station, 
deriving the phase difference between two symbols taken at a timing generated by the internal oscillator by multiplying 

45 one of two symbols by a complex conjugate of the other symbol; and when two symbols of the known signal are the 
signals having the same phase when the frequency of the internal-osciliator is correct, dividing the derived phase shift 
by the intewa! of two signals. ^ ■ : , • - 

[0034] At this time, for calculation of tan-'' (arctangent) of the derived phase<shift, the CQRDIC (Coordinate Rotation 
Digital Computiation) as known method is used, only ± 7c/2 can be detected. .However, in.the present invention, only by 
so adding simple circuit and simple process, a range oi±n can be calculated. 

[0035] In the radio mobile equipmertt, it is important to reduce power consumption and-size. When the phase calcu- 
lator, such as CORDIC or the like is used in the radio mobile equipment, for reducing tap number of CORDIC, en-or is 
caused in derivation of the phase shift. . . ; , 

[0036] Upon cialculating the frequency shift from the derived phase shift, the phase difference of ^vo symbols used 
55 for detection of the phas^ shift is divided by the interval of the syrnbols, if the interval is longer, the frequency detection 
erroi' becomes sniialler eveh when the phase detection ' . .^ 

[0037] " However, if the interval is initially- ser iong,- accurate frequency shift detection- becomes. impossible when.the 
frequency shift is sufficiently larger and the absolute value of the phasershitt is greater than n. 
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[0038] Therefore, utilizing original nature of the automatic frequency control, in that the frequency shift beconnes 
smaller by feeding back the frequency error, the interval of two signals^to be used for frequency error detection If the 
frequency error is large, and is set longer when the frequency en-or becomes.smaller. By this, the frequency error can 
be made small with smaller tap number, and It can be adapted to large frequency error. By this, the equipment achieving 
5 low cost and low power consumption can be realized. It should be noted that the accuracy of frequency of the base 
station is strictly defined, frequency shift between a plurality of base stations is smallso asnot to influence for control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0039] The present invention will be understood more fully from the detailed description given hereinafter and from 
the accompanying drawings of the preferred embodiment of the present invention, .which, however, should not be taken 
to be limitative to the invention, but are for explanation and understanding only . : . . - 

[0040] In the drawings: • -1 . 

15 Fig. 1 is a block diagram showing a construction of one embodiment of a portable radio system according to the 

present invention; 

Figs. 2A to 2E are is a diagrammatic illustration showlng.a transmissior^iforrnat In on^ embodiment of the present 
Invention; - ' ^ • ' '^ jr 'j'^.o::^ = ' ■ . , . : 

Fig. 3 is a flowchart showing a signal processing in one embodiment. of :the present invention; . , .: . 

20 Fig. 4 is a flowchart showing a control one embodiment of the presentinvention;^ ■ 

Fig. 5 is a flowchart showing a control one embodiment of the present inv0ntiofi; - f .i.i , ..s: 

Fig. 6 is a flowchart showing a signal processing in another embodiment of the present invention; and 

Fig. 7 is a block diagram showing a constmction of another embodimer^t ;of the pprtable radio:system jaccording 

to the present invention. ' : : :/ ' . , 

25 J- • ^"'y-: 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0041] The present invention will be discussed hereinafter in detail in terms ol the preferred embodiments of a portable 
radio system according to the present invention with reference to the accompanying drawings,. Inihe following descrip- 
30 tion. numerous specific details are set forth in order to provide a thorough understanding of the preserit invention. It 
will be obvious, however, to those skilled in the art that the present invention may be practiced without these specific 
detailed. 

[0042] Fig. 1 is a block diagram showing a construction of one embodiment of a portable radio system according to 
the present invention; In Fig. 1 , one^ embodiment of the portablenadio -system according to the present invention is 

35 generally constm'cted with a base station 1 ahd a moblle^station 2. i! : io'^^^^^ 

[0043] The base station 1 is constructed with a base station signal processing portion 11, D/A (digital-to-analog) 
coriVerterl 2, a^aase station radio portion^ at>ase station PLL:(f?hase LockjecJ LQop) poi?tioFil4;, a base station oscillator 
15 having high stability and a base station antenna 16. Mi i- ^t ". . -io. . . ''^^-ii - • r . - . r. ... 
[0044] The^mobile station 2 is constmcted with a mobile stiation radio port ion^l:, aaA/O Capalpg-tordigitaKconverter) 

40 22\ a mobite^ station PLL portion 23, a mobile station oscillator 24.: LRF (Iqw^pass fAJt^r) :25, an AFC D/A 26 , ,a signal 
processing portioni'27, a control portion 32 constructed with ePU or the Hke .and.an oytput^portlorv (not-shown) con- 
structed wflh' a ^^peaker'and the Iik0. .V^.,;' it:-'; ^ O • »' r • \ 
[0045] Ttie'slgha'l processing portion 27is constructediwrtti.a QSP (Digm\ Signal processor), agate array, a standard 
cell and so^ forth , - arrd Is constructed with a synchronization-detecting portion. 28,. a .mobile; station data processing 

45 portion 29,-an integrator 30 and a frequency -shift detecting portion>31.- r-, - . • . : 

[0046] 'Innhe base' station 1-, signal 111 is processed by thei base stayon signal processing portion t1 to be^output 
as QPSK (Quadrature Phase Shift Keying) modulated digital signal 112. The QPSK modulated digital signal 112 is 
converted into an analog signaM13 by the D/A converter l 2. Thereafter, the analog signal.1 13 is subject to Quadrature 
modulation and up-conversion (118) by the base^tation-radio portion ^1 3, and then transmitted to the base= station 

so antenna 16. ^ - " " : ' • ' - 

[0047] At this time, clocks to be usedin the base station. signal processing portion 11 , t.h^ O/A converter 12 and the 
base station radio portion 13 are clocks 114, 115 and-1 1 6 generated by frequency conversion of the signal 117 trans- 
mitted by the base station oscillator 15 having high stability adapting to clock frequencies of respective portions. . 
[0048] A radio wave transmitted from the base station antenna'1 6 Js» received b^the mobile, station antenna 20 and 

55 is transmitted to the -molille-station' ratlio p6rtton .21 /as: a; received ^signalil 2 I^T.he^mobile^station radio portion 21 
performs down-conversion and Quadrature. demodulation^.toroutput:a ■^>p$K,^na!p^^ 

signal 112 is'converted 1nto:a QPSK^disHtal signal*123 by iher7V:D!(COi3yert^;22,tOKbe to the synchronization 
detecting portion 28 of the signal processing-portion 27.- v vv'oan . .vr. r.-.r -3rni>J ' : ^ 
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[0049] The mobile station PLL portion 23 perfomis frequency conversion of a transmission signal 1 28 from the mobile 
station oscillator 24 for providing clocks 1 24, 1 25, 1 26 and 1 27 to the mobile station radio portion 21 , the A/D converter . 
22, the signal processing portion 27 and the AFC D/A 26, respectively. 

[0050] Synchronization detection Information detected by the synchronization detecting portion 28 Is fed to the control 
5 portion 32 via a control line 134. The QPSK digital signal 123 passing through the synchronization detecting portion 
28 as data 136 is input to the mobile station data processing portion 29. 

[0051] The mobile station data processing portion 29 performs QPSK demodulation for received data to output a 
signal 132 to the output portion. On the other hand, the mobile station data processing portion 29 takes out the known 
QPSK signal 133 to be derived from data 136 (QPSK digital signal) from the synchronization detecting portion 28 and 
10 to be used in AFC to transfer to the frequency shift detecting portion 31 . 

[0052] The frequency shift detecting means 31 detects the frequency shift of the mobile station oscillator 24 using 
the known QPSK signal 1 33 and the clock signal 1 26 fed via the mobile station PLL portion 23 from the mobile station 
oscillator 24 to feed the frequency shift 1 35 to the Integrator 30. 

[0053] The integrator 30 integrates the frequency shift value at every occurrence to feed a digital signal 1 31 to AFC 

15 D/A 26. The digital signal 131 is converted into an analog signal 130 by the AFC D/A 26. The analog signal 130 is input 
to an AFC port of the mobile station oscillator 24 through the LPF 25 as frequency shift signal 1 29. 
[0054] The mobile station oscillator 24 adjusts oscillation frequency by the frequency shift signal 129 Input to the 
AFC port. Here, the base station oscillator 15 generates the signal having higher accuracy in frequency in comparison 
with that of the mobile statlbn oscillator 25; ■ . 

20 [0055] Figs. 2A to 2E are a diagrammatic illustration showing a transmission fonriat in one embodiment of the present 
invention. Operalioh of one embodimfenf of the present invention will be discussed with reference to Figs. 2A to 2E. 
[0056] In Fig. 2A, the received krrown dPSK signals D1 , D2, are generated at timings generated on the basis of 
the oscillation signal generated by the base station oscillator 15. The oscillation frequency of the base station oscillator 
1 5 has higher accuracy than that of the mobile station oscillator 24, 

25 [0057] On the other hand, since symbol timings 1 , 2 to be used in AFC are timings generated on the basis of the 
transmission signal generated by the mobili^ station oscillator 23, frequency shift can be caused. The frequency shift 
is calculated In the following manner. Here,, it is assumed that when the frequency of the mobile station oscillator 24 
matches with the frequency of the base station oscillator i 5, the known dPSK signal becomes the saiYie value. 
[0058] At this time, among two symbols taken at symbol timing 1 (see Fig. 2A) to be used in AFC generated from 

30 the mobile station oscillator 24, one symbol is multiplied by complex conjugate of another symbol for deriving a vector 
(conjil , conjQI) as shown in Fig. 2D. The phase of the vector becomes a phase difference of two symbols and becomes 
avalueof A0of Fig. 2B. A 6 represents a phase shift caused between an internal T of two symbols caused by frequency 
shift Af. 

[0059] Accordingly, at the symbol timing 2 used in AFC of Fig. 2A, since interval is T*2, phase shift appearing becomes 
35 A 9*2 (see Fig. 2C). Accordingly, the frequency shift Af is expressed by: 



Af =A0/2 7c* Interval 

- (1/2 71: * Interval) * tan"^ '(^onjQ/conjl) (1) 

By showing in the foregoing expression (1), by dividing the derived phase shift A e by an Interval of two signals, the 

45 frequency shift Afof.the mobile station oscillator 24 can be derived., _ 

[0060] Fig. 3 is a flowchart showing a signal processing in one embodiment of .the present Invention. Operation of 
one embodiment of the present Invention will be discussed with reference to Fig. 3. Here, the signal processing sliown 
in Fig. 3 is shows an example for enabling calculation of tan-"* within a range of ±7r by using CORDIC for calculation 
of tan-"* (ArcTangent) in the expression (1 ) and using ±(7ry2)rotate (phase rotation, n = 1 SC* ). . . 

50 [0061] Replacing CORDICi and CORDICq used in calculation with the input signals conji and conjQ, a parameter k 
to be used for counting of number of tap and a value of phase to be used for phase. calculation are initialized, and sin 
(S (tap number)) is set in *a value of border (step SI ot Fig. 3). At this time, S[k] = tan-i (2-^). The tap number Is 
predetermined value. 

[0062] Next, when eORDICi:is negative number (CORDICi < 0.0) (steR,S2 of Fig. .3), since an absolute value of .the 
55 phase to be calculated Is 7c/2, check is perfomned whether pORDICq js ppsitiye value or negative value (step S3 of 
••Fi^. 3).' " . ■.. . V. .^O •• >• . ^ ■.■■.•■.-«• '* • 

[0063] When CORDICq is positive (GORDlG^q >iO.O); a phase o? the signal expressed by (CORDICi, CORDICq) Is 
rotated over -(k /2), and +(7c/2) is replaced for phase (step S5 of Fig. 3). When CORDICq is negative (cbRDICq<0.0), 
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phase of the signal indicated by (CORDICi. CORDICq) is rotated over +(ic/2) and -(7i/2) js replaced for phase (step S4 
of step S4). • , . o 

[0064] At this time, -(7c/2) rotation of the phase is expressed by: . . r . r 



CdRbiCi = CORDICq 



(2) 



10 



15 



25 



30 



35 



'[ CORDICq = CORDICi * :1 .0 \ 
[0065] On the other hand; +(7i/2) rotation of the phase is expressed by: - - . . : 
.. . CORDICi = CORDICq. * :1 .0 * ? J: ' ' ^ ^ 

'. ' CORDICq = cbRPJCi' 



(3) 



' (4) 



(5) 



[0066] These equations exchange signals CORDICI and CORDICq and inserting sign. Therefore, it can be realized 
20 with quite sinnple hardware. ' . . • . . ^ . ■ ■ ^ : ' . ; 

[0067] Subsequently, by perfomning calculation of the phase within ^ range, of about ±.(7i/2),on the iDasis of the method 
of CORDIC, calculation of tam^ of the phase:Of about ±jc is realize5Jr.CORp.lG..niethpd is.expresse.d by: 



'CORDICi ~ 


-1 


CORDICq. 


. COS,(^jt) 



-^^ siiiie^) cos(^t) 



CORDICi 



phase = -1 * ZD,^ * 6^ 



(8) 



40 



45 



SO 



55 



Here, S in the foregoing equation (8) is total of k = 1 to tap. The process expressed by the foregoing equations (6) to 
(8) are the processes at steps S6, S7, S8 and S9 of Rg_. 3. - ; ; ^r. - - x ; ; 

[0068] Discussing the process operation expressed by the equations (6) to (8). when CORDIC q is positive value 
(CORDICq > 0.0) (step S7 of Fig. 3), the phase of the signal is rotated over -[2-^ * (n/4)l and [2-^ * (n/4)] Is added to 
phase (step S8 of Fig: 3). • * ' > -v.. j . ♦ :• r^- : - 

[0069] When CORDIC q is negative value (CORDICq < 0.0) -(step S7 of Fig. 3), the phase of the signal is rotated 
over +[2-k * {ii/4)]\ an6'-[2r^ * (ii/4)] is added to phase (step Sa of Figu3). The foregoing processes SB to S10 are 
repeated for number of times cdrrespohdlng to the tap number. Thus, calculation of tan-^ of the phase within a. range 
of about ±(7c/2) can be performed. ....... t . 

[0070] On the other hand, when the absolute value- of CORDICq 1s smaller than the value of border,, since error 
obtained by a predetemilned tap'number is already satisfied, calculation Is Interrupted In therprocess thereof to output 
the value of'the phase (step SlOof Fig. 3); *• : . v ■ - 

[0071 ] This is a measure for reducing power consumption'byomitting extra calculation. At this time, the derived value 
of phase becomes a value of the phase shift A 6 in the foregoing equation (1 ) (A 6 = phase) (step S1 1 of Fig. 3).. 
[0072] Fig. 4 is a flowbhart showing control in-bne embodiment of the present invention : Operation of one embodiment 
of the present invention will b(B 'discussed with reference ^^^^ • :. >:i', : ; • ^ , : 

[0073] Operation of AFC is initiated nomnally upon turning ON of power source for the mobile station. The mobile 
station oscillator 23 causes shifting of frequency for influence of secu)etr. change- of temperature tharacteristiqs cr the 
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like. The control portion 32 of the mobile station 2 sets a value of Interval (interval T of Fig. 2) at a mlninrfum value T^^in 
of the predetemnined Interval (step S21 of-Fig. 4). This minimum value T^i^ is determined.by symbol rate or the like 
of the radio system. : - . 

[0074] Since tan-"" used upon frequency shift calculation can be calculated only within a renge of ±7i, if the frequency 

5 shift Af to be derived from the foregoing equation (1 ) falls out of -(1/2 * interval) < Af < (1/2 * Interval) [Hz], the phase 
shift becomes out of a range of - tc < A 9 < n to cause error in calculation of the frequency shift Af. In order to avoid 
this, upon initiation of AFC operation where the frequency shift A f is the largest, the minimum value is set as Interval. 
[0075] Next, detection of phase shift (A e) is performed. For this purpose, the method illustrated in Figs. 2A to 2E 
and Fig.3 and the foregoing equation (1 ) is used. Namely, two symbols are taken from the received known QPSK signal 

10 at a timing where the clock is generated from the mobile station oscillator 24. By multiplying one of the symbols by 
complex conjugate of another symbol.(as Fig.: 2) taken with an intemal of Interval, a phase of the signal of the product 
is derived usihg GORCSlC (see Fig. 3). Furthemnore, by the equation (1), the frequency shift A f is calculated. 
[0076] Subsequently, through an integrator 30, AFC is applied to the mobile station oscillator 24 (step. S22 of Fig. 
4). Detection is made whether an absolute value of the derived phase shift A 6 is smaller than [{n/2) - a] (lA 91 < (7r/2) 

15 - aj (step S23 of Fig. 4); 

[0077] At this time, a is a predetermined margin derived with taking a fluctuation of the value of the frequency shift 
Af so that the next detected phase shift A 9 may not be out of the range of ± 7c even when Interval becomes double. 
[0078] When the absolute value of the phase shift A 9 is smaller than [(n/2) - a] and the value of the Interval is not 
the predetermined maximum value Tmax of Interval (step S24 of Fig. 4), Interval is widened by multiplying by 2 (step. 

20 S25 of Fig. 4). The value of the maximum value T^^i^x "s determined with taking the fact that, in certain condition of 
propagation path of radio wave, eaor should be caused in detection of frequency when Interval is set to be excessively 
large, • ■ * • " ■ - - '■ ' ■ ^ ■ : v / 

[0079] When absolute value of the phase shift A 9 is^greater than or equal-to [(it/2) - a], and. is greaterthan tc - p, (I 
A 9 I > 71 - p) (step 826 of Fig. 4), and when the value of Interval is not the minimum value T^^,^ (step S27 of Fig. 4), 

25 the value of Interval is made half (step <S28 of Fig. 4). At this time, p is a predetermined margin provided in order to 
make judgment that the input phase is' greater than tt and the absolute value of the phase shift A,9 currently calculated 
can be obtained by -erroneous calculiation, since derivation of the phase can" be performed correct calculation only 
within the range of ± k.' ' " • ' • • . ■ . - . . , 

[0080] By repeating this operation, adapting to the case where the.frequency shift Af is reduced. by AFC operation 

30 from a timing that the frequency shift Af of the mobile station oscillator 24- Is still large upon initiation of AFC, Interval 
may be made greater. ' - - . ^ :.. 

[0081] The maximum value of the "absolute value of the quantization error upon derivation of the phase shift A 0 Is 
considered as [2**^* (nf4)] (tap ^ tap number). While tap number Is to reduced in order to reduce povyer consumption 
in the mobile station 2, reduction of tap number caused increase of quantization error. However, from the equation (1 ), 

35 the frequency shift Af is expressed by: : i • ' ■ . .i 

"1 . Af = A.0/27c* Interval ' ... ; 

40 frifiuence for the frequency shift Af of the quantiHation en-or of the phase shift A 0 can be reduced by making Interval 
greater ■ - . . ^ • ^■ 

[0082] As set forth above, by one embodiment of the present invention, it can be adapted to large frequency shift Af 
and AFC at higher precision can be performed with smaller tap number. , - . : 

[0083] Fig. 5 is a flowchart showing a' control in one embodiment of the present invention. Control operation of one 

45 embodiment of the present invention will be discussed with reference to Fig. 5. - 

[0084] Upon initiation of AFC operation , the power source of the mobile station 2 is normally ON. The.mobile station 
oscillator 24 is shifted the frequency due to influence of secular change or the like of the temperature characteristics. 
The control portion 32 of the mobile station 2 initially set Interval (interval T of Fig. 2) at the predetennined minimum 
value T^ifj of the interval. This minimum value T^^j^ detemnined depending upon a symbol rate or the like of the 

50 radio system. ' * - . • : = j - 

[0085] The reason why Interval is set the minimum value T|^||sj upon initiation of AFC operation where the frequency 
shift Af is considered to be largest, since calculation of tan:^ cannot be done only within the range of ± jc upon calculation 
of the frequency shift (Af), for avoiding erroneous derivation of the frequency shift Af when the frequency shift Zf to be 
derived becomes out of a range of - (1/2 * interval < Af < (1/2 * interval) [Hz]. 

55 [0086] Furthermore, a parameter i to be used for counting nurriber of times of occurrence of out of synchronization 
is initialized, and the value of the integrator 30 is reset (step Ssi of Fig. 5). An output fAPc = 2: Af (Af is an output of 
frequency shift detecting portion 31). Here. A^fc assumed to be zero. 

[0087] Next, detection of the' frequency shift-.(Af)' Is'perfomned. For.tilis. a method shown In Figs. 2A^ta 2E, 3j 4.and 
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equation (1 ) is used. Namely, two symbols are taken from the received known QPSK signal at a timing where the clock . 
is generated from the mobile station oscillator 24. By multiplying one of the symbols by complex conjugate of another 
symbol (see Fig. 2) taken with an internal of Interval, a phase of the signal of the product is derived using CORDIC 
(see Fig. 3). Furthemnore, by the equation" (1), the frequency shift Af is calculated. 
5 [0088] Subsequently, the frequency shift {'Af) is output and is added as AFC signal to the mobile station oscillator 24 
through the integrator 30 to apply AFC (step S32 of Fig. 5). ... 

[0089] Next, out of synchronization is detected (step S33 of Fig. 5). This can bq detected by detecting a fact that the 
reception signal cannot be decoded or- known data, such as pilot or the like* cannot be detected in the synchronization, 
detecting portion 28, or a power level cannot reach a given value, and.tra/^smitted to the control portion 32 and the 

10 frequency shift detecting portion 31, /'-^ ; • ■ : .; 

[0090] In case of out of synchronization, the control portion 32 actuates a not shpvyq timer to provide a time interval 
(step S34 In Fig. 5), and again irfitialize Interval, the parameter i and the value of. tbe jntegr^tonSp (step §31 of Fig. 5) 
to continue the foregoing operatldh. - - ' ; i. • ; . vs :. ■ ' 

[0091] If not out of synchronization, check is perfomried wether the derived yalu^ ofjthe frpquenqy shift Af is smaller 

15 than a predetermined value f^^ or not (Af < fth) (step S35 of Fig. 5). If not smaller, 0 is set to the parameter i (step S38 
of Fig. 5), and frequency shift Af is detected again. r . rr- l . . r ; r ' 

[0092] if smaller^ the parameter I is Incremented by .1 ii =1^1) (step 336 ot Fig..^): Qheckjs performed whether the 
value of the parameter i Is equal to a predetemnined value (count):: If ^iti^^value. of the par^raeter. i-is equal to the 
predetermined value (count) (step S37 of Fig. 5), and when value of Interval is,npt,the maxiniuni value J^^ax (step S39 

20 of Fig. 5), a predetemnined value AT i3 added to the value tsf Interval tOuWidenJntpryal,:andthejyalue of the parameter, 
i is set to 0 (step S40 of Fig. 5). ^ v u e ; o . r.i ^ o^; > . - v/ ; . • 

[0093] If the maximum value T^/^ is determined with taking into account the case where en-or may be caused, in 
detection of frequency if Interval is-'set excessively large depending upon? CQr«litipn .oJthe.propagation,path of thejadio 
wave. • ■ ' ■ ■ =• * ' '•■>• '. rj ■.t fjiv-v\ •:• : * £^ .c-.- \ -i . ' . i , 

25 [0094] By these opefation, when the frequency shift Afbecolnes stSLbie,At.nterv.^|-:isi widen to ob,t^,n precision. At the 
occurrence of out of synchronization, Intervalls widened to adapt to wrde range frequency .shi^l; Af. . 
[0095] ■ As set forth abcWe, when COREMC which is well-known method^s used for. calculation of ^tan-i in calculation 
of the phase shift A 6, calculation with the range of ± ic can be perfomned by merely adding simple circuit or process.. 
[0096] oh the dther hand, utitlzihg the nature of AFC for reducing the freqi^cy sh^ 

30 when the frequency error 1^ large- the intfen/al of two signals to be usedrfoft detection .of .frequency error is made shorter,, 
and when frequency error becomes smaller, the interval is controlled to be longer for obtaining small frequency. error 
with small tap' number ahd-for adapting to large frequency error.r:it;should b,ejjioted^tliat. since the precision of the 
frequency of the base stolon 1 Is defined by strict standard and.frequeney shift between ajplurality of base stations Is 
small and hiay not Influence for the foregoing= control. / ^ ; j-.r . - - i:rr;» - • 

35 [0097] Fig. 6 is a flowchart of signal processing In another embodiment of the present invention. Ope rat Ion. of another 
embodiment of the present Invention will be discussed with reference to Fig. 6. Here, the signal processing shown in 
Fig. 6 is an example enabling calculation of tan"/* within the rangje of ±k using CORDIC in calculation of tan*"" (ArcTan- 
gent) in the foregoing equation (1) and using ± k rotate (phaise rotation : n = 180** ). 

[0098] Replacing CORDICi and CORDICq used In calculation with the input signals conji and conjQ, the parameter 
40 k to be used-fbr counting tap number and the.value of phase used In calculatjpn of phase^afeHniti.alized, and sin (S[tap 
number]) is set in the value of border (step S41 of Fig. 6). At this time, S[k] = tan-^ (2-'^), and the tap number Js a 
■predeterffiirted-Value. ' ^^'^ ^' :: • ^ .. • - / -:-i;r i. ■ : - ivoVr:. T * I 

[0099] Next, when the CORDICI is negative number :(GQRDIGI < 0.0). (step.:S42 p.f. Fig. 6), since.^n absolute value 
of the phase to be calculated Is greaterthan.or equarto:7t/2, check is perfomiec|.whettier::GPRDlCc^ isj30sitlve. value 
45 or negative value (step S43 of Fig. 6). - ' . -v - . „ • , . . . ... "r - - ?: 

[0100] When CORDICq is positive (CORDICq'> 0.0), the phase of the signal represented by (CORDICi, CORDICq) 
is rotated for -tc, and pha'se is replaced with +)c (step S45.of Fig. 6). When the CORDICq is negative (CORDICq < 0.0), 
the phase of the signal represented by (CORDlCiyCORDICq) is rotated for +7i and.phase is replaced with -n (step S44 
of Fig.' 6). ■ . • ■ 

50 [0101] At this time, rotation of - JT of the phase can be realized by simple expression of: 

' / ./ . . CpBPICi.= COPDICI * ■ . 

" ■ . " ' ' cbRblCq"^^^ " ^ * '-(to) 

[0102] Oh thte other hand, rotation df +K of the.phase.canbe.realized . . 
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CORDICi = CORDICi * -1 (1 1) 

5 CORDICq = CORDICq i -1 (12) 

[0103] These equations only invert signs of the signals of GORDICi.and CORDICq. Therefore, these can be realized 
by quite simple hardware. Subsequent process operation of steps S46 to S51 are sinnilar to process operation of steps 
S6 to S11 of one embodiment of the present invention. Therefore, discussion for these steps will be omitted in order 
10 to avoid redundant disclosure and whereby to keep the disclosure simple enough to facilitate clear understanding of 
the present invention. • ' , : . , - , . 

[01 04] ' Fig. 7 is a block diagram showing a construction of another embodiment of a portable radio system according 
to the present invention. In Fig. 7, the portable radio system of another embodiment. of the present irivention is con- 
structed with a plurality of base stations 3-1 to 3-3 and the mobile station 4. It is noted that the mobile station 4 slowly 

15 moves within cells of a plurality of base .stations 3-r to 3-3. 

[0105] Each of the base stations 3-1 to.3-3 has the same construction as the base station 1 of theformer embodiment 
of the present invention . Therefore, discussion for construction and operation will be omitted in order to avoid redundant 
disclosure and whereby to keep the disclosure simple enough to facilitate clear understanding of the present Invention. 
The mobile station 4 has a mobile station antenna 41 , a mobile station radio portion 42 , an A/D (analog-to-digital) 

20 converter 43, a finger portions 44-1 /44-2, ,44-3 .... a Rake combining portion 45, an AFC portion 46, an AFC D/A 47. 
[0106] The mobile station radio portion 42 has a mobile station oscillator 42a. The finger portions 44-1 , 44-2, 33-3, ... 
respectively have despreading portions 44a-1 , 44a-2, 44a-3, ... and a power calculating portion which ts not shown. A 
power value calculated by the power calculating portion is weighted respective and output. 

[01 07] The radio wave transmitted from respective antenna of the base stations 3- 1 to 3-3 are received by the mobile 
25 station antenna 41. The received , sign a) Js fed to the mobile station radio portion 42. The QPSK analog signal down- 
converted and quadrature demodulated, from the line frequency by the mobile station radio portion 42 is converted into 
the QPSK digital signal by the A/D converter 43 and then input to the fiber portions 44-1 , 44-2, 44-3, ... 
[0108] : The finger portions 44-1 , 44-2, 44-3, despread the signals received at respective timing by the despreading 
portions 44a-1, 44a-2, 44a-3, ... to output tto the Rake combining portion 45. At.this time, the signals from the finger 
30 portions 44-1 , 44-2, 44-3, ... to the Rake combining portion 45 are weighted depending uponthe power values respec- 
tively calculated by the power calculating portions.- Namely, the signals from the finger portions 44-1 , 44-2, 44-3, ... to 
the Rake combining portion 45 are weighted per the base stations 3-1 to .3-3. : 

[0109] The Rake combining portion 45 combines respective signals of the finger portions 44-1 , 44r2, 44-3^ ... to be 
output to a not shown data processing portion and the AFC portion 46. The AFC portion 46 perfprnris AFC using CORDIC 
35 in calculation of tan-"" of calculation of the phase shift A 0 similarly to the fomner embodiment of the invention, and AFC 
D/A 47 perfomns conversion from the: digital signal from the AFC portion 46 into the analog signal to output as the. 
frequency shift signal to the AFC portion of the mobile station oscillator 42a. - 

[0110] The mobile station oscillator. 42a adjusts. the oscillation frequency by the frequency shift signal input to the 
AFC port. Here, the base station oscillator generates the signal having higher accuracy in frequency in, comparison 
40 with that of the mobile station oscillator 42. By this, in addition to the foregoing effect^ even when the mobile station 4 
moves within the cells of respective of a plurality of base stations 3-1 to 3-3 slowly, it can be adapted to respective; 
frequencies of the base stations 3r1 to 3r3. . - 

[0111] With the present invention set forth above, in the portable radio system, in which the frequency shift of the 
internal oscillator of the portable radio equiprnent is det-ected with reference to the received wave transmitted from the, : 

45 base station having higher precision Infrequency. and.by feeding back the frequency shift to. the Internal oscillator, the 
frequency is adjusted by using automatic frequency control, a phase ..difference of, two symbols taken from the known 
data modulated In theibase station on.the basis of the timing generated in the internal oscillator, the frequency shift of 
the intemal oscillator is derived by dividing derived phase difference by an interval of two symbols to perform control 
for widening the interval when the derived phase difference is smaller than the predetermined set value and to shorten 

so the interval when the phase difference is greater than the predetermined set value to adapt to large frequency error 
[0112] Although the present invention has been illustrated and described with respect to exemplary embodiment 
thereof, it should be understood by those skilled in the art that the foregoing and various other changes, omission and 
additions may be made therein and thereto, without departing from the spirit and scope of the present invention. There- 
fore, the present invention should not be understood as limited to the specific embodiment set out above but to include 

55 all possible embodiments which can be embodied within a scope encompassed.and equivalent.therepf with respect 
to the feature set out in the appended claims. 
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A portable radio system employing an automatic frequency control for detecting a frequency shift of an internal 
oscillator of a portable radio equipment with reference to a received wave transmitted from a base station having 
higher precision of frequency and adjusting the frequency of said internal oscillator by feeding back said frequency 
shift to said internal oscillator, 

wherein coordinate rotation digttarcomputation (CORDIC) is employed for calculation of arctangent in said 
automatic frequency control. • ' . ■ / 

A portable radio system employing an^automatic frequency control for detecting a frequency shift of an internal : 
oscillator of a portable radio equipment with reference to a received wave transmitted from a base station havings 
higher precision of frequency and adjusting the frequency of said internal oscillator by feedingback said frequency 
shift to said ihterhaloscillatori wherein said portable radio equipment comprises; . . . . . 

calculating means for calculating a phase difference of two symbols taken from' a known data modulated-by 

• said base station on the basis of a timing generated by said internal oscillator; ^ • - • ^ * 

• frequency shift calculating means for calculating a frequency shift of said intemal oscillator by dividing said 
• 'phase difference derived-by said calculating means by an interval of said two symbols; and^ - 

control means for controlling for widening said interval when said phase difference derived by said calciijiating 
means is smaller than a predetemniried set value and for narrowing said interval when said phase difference 
is greater than said set value; ' - ' . / .-r. v , :r " ' ' 

A portable radio system employing ah automatic frequency control^for d6tecting:a frequency shift of an internal- 
oscillator of a portable radio equipment with^ reference to a received waveUransniitted from- a base station having • 
"higher precision of frequency and adjusting the frequency of said internaKoscillator by feeding back said frequency 
shift to said interhal oseillator, wherein said portable radio equipment ' ' 

^ calculating means for calculating a phase difference of two symbols taken from a kncwn data nrioduliated- by- 
' ' said base station on the'bas1s=of a timing generated ' " 

• TreqUehey shift calculating meaihs for calculating a frequency shift' of said -intemal oscillator by dividing-sald. 
-phase difference derived by said=calculating means'by an interval of sard two symbols; and ^ 

control means for controlling for widening said lhten/al when a value of said frequency shift derived by said 
frequency shift calculating means is smaller than a^pred^eftnlned value and for narrowing said intervaLwhen 

- said value of said frequency shift is greater than said predetemiln'ed value. : • . .t<;'.v 

' A- portable radio-System as set forth in claiim .1 , 2 orS, wherein said-two symbols are: :the same phase when a 
frequency of said internal oscillator is correct, and ' ^ . vv 

said calculating means dSerives a phase difference of said twOsymbols by multiplying one of said two sym^bolis*: 

- by a complex conjugate of another synhbol/'' ^ - r <..y r-^ ''^y-. j : • 

' A portable radio system as set forth in claim 1 , 2 or 3, wherein upon calculation of arctangent of coordinate rotation 
digital computation (CORDIC), said frequency shift calculating means perfomis calculation within a range of ±,7i. 

A portable radio system as set forth in any of cHaims 1 to^5,-wherein; upon perfomning calculation of said frequency 
■ shift; parameters CORDICi and CORDICq are cierived by using a calculation of said coordinate rotation digital 
computation by replacing the signal to be calculated the phase with I. and Q components, and in calculation of said 
coordinate rotation digital computation, when a parameter for butputting a final angle by adding angles .per taps 
is set as phase, In fonner stage of said coordinate rotation digital computation, a process expressed by: . 



50 



55 



when CORDICi < O.Oand CORDICq > 0.0 
CORDICi = CORDICq ' 
CORDICq = CORDICi * -1 .0 
phase <^ 71^/2 : 

when CORDICi < 0.0 and CORDICq < 0:0, '=i 
CORDICi = CORDICq * -1 .0 
CORDICq = CORDICi 
phase = -(7c/2) 
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is performed. 

7. A portable radio system as set forth in any of claims 1 to 5, wherein, upon perfomriing calculation of said frequency 
shift, parameters CORDICI and CORDICq are derived by using a calculation of said coordinate rotation digital 
5 computation by replacing the signal to be calculated the phase with! and Q components, and in calculation of said, 

coordinate rotation digital computation, when a parameter for outputting a final angle by adding angles per taps 
is set as phase, in fonner stage of said coordinate rotation digital computation, a process expressed by: 



when CORDICI < 0.0 and CORDICq > 0.0 - 
10 CORDICi = CORDICi*.-1 

CORDICq = GORDICq * -1 : . 
phase = 11. . .-. . f 

when CORDICi < 0.0 and CORDICq < 0.0, 
15 CORDICi = CORDICi * -1 

CORDICq = CORDICq * -1 

phase = -ic f 



is performed. 

20 . 

8. A portable radio system as set forth in claim 1 , 2 or 3, wherein said control means sets said interval at a predeter- 
mined minimum value when out of synchronization is detected at least from failure of decoding or non-detection 
of pilot and not reaching of power to a predetermined level. 



25 9. A portable radio equipment employing an automatic frequency control for detecting a frequency shift of an internal 
oscillator of own portable radio equipment with reference to a received wave transmitted from a base station having 
higher precision of frequency and adjusting the frequency of said internal oscillator by . feeding back said frequency 
shift to said internal oscillator, . ■ - . . . - ,~ , .i' . 

wherein. coordinate rotation digital computation (CORDIC). is employed for calculation of arctangent in said 

30 . automatic frequency control. - :^ * 

10. A portable radio equipment employing an automatic frequency control for detecting a frequency shift of an internal 
oscillator of own portable radio equipment with reference to a received wave transmittedf rom a base station having 
higher precision of frequency and adjusting the frequency of said internal oscillator by feeding back said frequency 
35 shift to said internal oscillator, comprising: i 

calculating means for calculating a phase difference of two symbols taken from a known data modulated by 
said base station on the basis of a timing generated by said internal* oscillator; - 
frequency shift calculating means for calculating a frequency shift of said intemaj oscillator by dividing said 
40 phase difference derived by said calculating means by an interval of said two symbols; and 

control means for controlling for widening said interval when said phase difference derived by sajd calculating 
means is smaller than a predetermined set value and for nanrowing said interval when said phase difference 
is greater than said set value. > r . 



45 11. A portable radio equipment employing an automatic frequency control for detecting a frequency shift of an internal 
oscillator of own portable radio equipment with reference to a received wave transmitted from a base station having 
higher precision of frequency and adjusting the frequency of said internal oscillator by feeding back said frequency 
shift to said internal oscillator, comprising: 

50 calculating means for calculating a phase difference of two symbols taken from a known data modulated by 

said base station on the basis of a timing generated by said internal oscillator; 

frequency shift calculating means for calculating a frequency shift of said internal oscillator by dividing said 
phase difference derived by said calculating means by an interval of said two symbols; and 
control means for controlling for widening said interval when a value of said frequency shift derived by said 
55 frequency shift calculating means is smaller than a predetermined value and for narrowing said interval when 

■ ^ ■ said value of said frequency shift is greater than said predeterniined value. ; . 

1 2. A portable radio equipmentras set forth in claim 9;, 1 0 or 11 , wherein .said two symbols are the sam,e pha^e when 
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a frequency of said internal oscillator is correct, and 

said calculating means derives a phase difference of said two synnbols by nnultiplying one of said two synnbols 
by a complex conjugate of another symbol. [ " ' ' 

5 13; A portable radio equipment as set forth in claim 9, 1 0 or 11 . wherein upon calculation of arctangent by employing 
coordinate rotation digital computation, said frequency shift calculating means performs calculation within a range 

of ±7C. • . -. ....*• ■. ' • 

14. A portable radio equipment as set forth in claim 13, wherein, upon performing calculation of said frequency shift, 
10 parameters CORDICi and CORDICq are derived by using a calculation of said coordinate rotation digital compu- 
tation by replacing the signal to be calculated the phase with I and Q components, and in calculation; of said 
coordinate rotation digital computation, when a parameter for outputting a final angle by adding angles per taps 
is set as phase, in fomner stage of said coordinate rotation digital computation, a process expressed by: 

15 when CORDICi < 0.0 and CORDICq > 0.0 

CORDICi = CORDICq ' ^ : . 

CORDICq = CORDICI * -1 .0 
phase = n/2 

20 when CORDICi < 0.0 and CORDICq < 0.0. 

CORDICi = CORDICq *^1.0 • • - r ; . . . t : 

CORDICq = CORDIGi ^ ^ ^.^v . 

phase = - (7c/2) ^ = - . - • - . 

25 lis performed. • ' ^ -v y-"--: -/-.f-^ 

15. A portable' r^dio equipment as set forthMn claim 13, whefein, upon performing.calculation of said frequency shift, 
parameters CORDICi and CORDICq are derived by using a calculation of said coordinate rotation digital compu- 
tation by replacing the signal to' be' calculated the phase with rl and QMcbmponents; and In calculation of said 

30 coordinate rotation digital computation, when a parameter for outputting a final angle by adding angles per taps 

is set as phase, in former stage of said coordinate rotation digital computation, a process expressed by: 

• when CORDICi < 0.0 and CORDICq > 0.0 ■ • . : -.v.v~rvr.. . _ : 

CORDICi = CORDICi * -1 ^ " o - v - ' :rt7. r .... -. . 

35 CORDICq = CORDICq * -1 * " ■ ' ■ 

phase = n 

when CORDICi < 0.0 and'CORDlCq-< CO.- ■■ : ^ ^ " • =^ ■ ■ * ■ ^ ^ :^ " 

CORDICi-i= CORDICi *=-1 ■ • ^ v ibs;./ v ? ..ro::-= d ■ m yr: •:. > ■ 

40 CORDICq= CORDICq * -1 = - > \ ■: -vi . c • r ^. 

' * phase = ^ ^ *■ * ■ ' ' ■' ' ./'..''^ / o= ;m:Cv:.^ -y liui c- . - : 

is perfonned. . . . . - 

45 i6. A portable radio ecjulpment as set fortn in claim 9, lOorll, wherein said control means;sets said interval at a 
' predetermined minimum value when out of synchronization is detected at least from failure of. decoding or non- 
detection of pilot and not reaching of power to' a- predetenrilned levelv • . 

17. A frequency error predicting method employing an automatic frequency control for detecting a frequency shift of 
so V : an Internal oscillator of portable radio- equipment with: reference to a received wave transmitted from a base station 
having higher precision of frequency and adjusting the frequency of said internal. oscillator by feeding back said 
frequency shift to said intemal oscillator,' V . . . . ; - - : . 

wherein-coordinate rotation-digital computation (CORDIC) is employed for calculation of arctangent in said 
automatic frequency control. ^ ^ / i . =• h:- . ;i:-;_»v^ '-.Ui-^' ' - ■ * 



55 



18. A frequency error predicting method^ employ ihg^ an automaticfrequency centroLfor detecting a frequency shift of 
an internal oscillator of portable radio equipment with reference to a received wave transmitted from a base station 
having higher precision of frequency and'adjusting the Jrequeney of said internal yoscillator by feeding: back said 
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frequency shift to said Internal oscillator, comprising of steps of: 

calculating a phase difference of two symbols taken from a known data modulated by said base station on the 
basis of a timing generated by said internal oscillator; 

calculating a frequency shift of said internal oscillator by dividing said phase difference derived by said calcu- 
lating step by an Interval of said two symbols; and 

controlling for widening said interval when said phase difference derived by said phase difference calculating 
step is smaller than a predetermined set value and for narrowing said interval when said phase difference is 
greater than said set value. 

19. A frequency error predicting method employing an automatic frequency control for detecting a frequency shift of 
an internal oscillator of portable radio equipment with reference to a received wave transmitted from a base station 
. having higher precision of. frequency, and adjusting the frequency of said internal oscillator by feeding back said 
frequency shift to said internal oscillatori comprising the steps of: 



calculating a phase difference of two symbols taken from a known data modulated by said base station on the 
basis of a timing generated by said internal oscillator; 

calculating a frequency shift of said internal oscillator by dividing said phase difference derived by said calcu- 
lating step by an interval of said two symbols; and 
20 controlling for widening said interval when a value of said frequency shift derived by sard frequency shift cal- 

culating step is smaller than a predetermined value and for nan^owing said interval when said value of said 
frequency shift is greater than said predetermined value. 

20. A frequency error predicting method as set forth in claim 17, 18 or 19, wherein said two symbols are the same 
25 phase when a frequency of said internal oscillator is correct, and 

said phase difference calculating step derives a phase difference of said two symbols by multiplying one of 
said two symbols by a complex conjugate of another symbol. 

21. A frequency error predicting method as set forth in claim 17, 18 or 19, wherein upon calculation of arctangent of 
30 coordinate rotation digital computation, said frequency shift calculating step performs calculation within a range 

of ±71. 

22. A frequency error predicting method as set forth in claim 21 , wherein, upon perfomiing calculation of said frequency 
shift, in said frequency shift calculating step, parameters CORDICi and CORDICq are derived by using a calculation 

35 of said coordinate rotation digital computation by replacing the signal to be calculated the phase with I and Q 

components, and in calculation of said coordinate rotation digital computation, when a parameter for outputting a 
final angel by adding angles per taps Is set as phase, in former stage of said coordinate rotation digital computation, 
a process expressed by: 

40 when CORDICi < 0.0 and CORDICq > 0.0 

CORDICi = CORDICq 
CORDICq = CORDICi * -1 .0 
phase = 7C/2 

45 when CORDICi < 0.0 and CORDICq < 0.0, 

CORDICi = CORDICq * -1 .0 
CORDICq = CORDICi 
phase = -(7i/2) 

so is performed. 

23. A frequency error predicting method as set forth in claim 21 , wherein, upon perfomning calculation of said frequency 
shift in said frequency shift calculating step, parameters CORDICi and CORDICq are derived by using a calculation 
of said coordinate rotation digital computation by replacing the signal to be calculated the phase with I and Q 

55 components, and in calculation of said coordinate rotation digital computation, when a parameter for outputting a 

final angle by adding angles per taps is set as phase, in former stage of said coordinate rotation digital computation, 
a process expressed by: 
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when CORDICI < 0.0 and CORDICq > 0.0 
CORDICi = CORDICi * -1 
CORDICq = CORDICq * -1 
phase = n 

when CORDICi < 0.0 and CORDICq < 0.0, 
CORDICi = CORDICi * -1 ^''^ - ' 
CORDICq = CORDICq * -1 • ' :^ 
phase = -7c 

is perfomned. 



24. A frequency error predicting method as set forth in claim 17, .18 or 19, wheremvsaid intervahcontrollingrstep sets 
said Interval at a predetermined mlnimunr> value when out of synchronization: is :detected at least from failure of 
15 decoding or non-detection of pilot and not reaching of power to a predetemiined level. 
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FIG. 6 
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